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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S193proton slice sequence as shown in Figure 2 (second row). Here, cartilage
boundaries are extracted automatically using the enhanced information
in cartilage.
Conclusions: Direct measurement of sodium concentration in AC
enables early OA detectionwhile extracted cartilage boundaries in fused
images may enable reconstruction of 3D models of articular cartilage
that can be used to measure accurate cartilage thickness on load
wearing sites as well as in different zones. This study conﬁrms that use
of dual tuned knee coil will enable the combined assessment of carti-
lage physiology and morphology for early detection of OA.
Figure 2. Physiological and morphological measurements: First row-sodium signal
intensity extraction in cartilage, Second row-fusion of sodium image with proton and
cartilage boundary extraction.
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7 TESLA SODIUM (23NA) IMAGING FOR THE ASSESSMENT OF
PATELLAR CARTILAGE DAMAGE AFTER PATELLA-DISLOCATION:
PRELIMINARY RESULTS
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Purpose: As OA is resulting in total joint replacement, it is of high
interest to detect early changes of the articular cartilage. In the last
decade, great afford has been made to develop biochemical MRI tech-
niques, in order to determine the composition of articular cartilage. One
of these techniques is Sodium imaging which directly correlates with
the quantitative occurrence of glycosaminoglycans (GAG). Loss of GAG
is known as the earliest change of cartilage degeneration before other
changes occur. The purpose of this study was to evaluate the feasibility
of 23Na (sodium) MR imaging, for the detection of OA at the patella
cartilage in patients after patella-dislocation and to compare the results
to healthy volunteers and cadaver samples.
Methods: Nine patients after patella-dislocation, mean age 26.4 years
( 5.6), nine healthy volunteers, with a mean age of 26.1 years (5.0)
and 5 cadaveric samples (mean age 75.8  7.4 years), were enrolled in
this study. All measurements were performed on a 7T MR whole body
system (Magnetom, Siemens Healthcare, Erlangen, Germany) using
a twenty-eight-channel transmit/receive knee array coil (Quality Elec-
trodynamics LLC, Cleveland, OH, US) and a 15-channel 23Na-only
transmit/receive knee coil (Quality Electrodynamics LLC, Cleveland, OH,
US). For morphological imaging a 2D-PDw-TSEfs-sequence (TR/TE ¼
4390/26 ms; FOV ¼ 159*130 mm2, 20 slices; matrix size ¼ 448*366;
resolution¼ 0.36*0.36*3.0 mm3; ﬂip angle¼ 130; bandwidth¼ 245 Hz/
pixel) and a T1w-3D-GRE sequence (TR/TE ¼ 8.3/3.57 ms; FOV ¼
185*156 mm2, 224 slices; matrix size ¼ 384*324; resolution ¼
0.48*0.48*0.48 mm3; ﬂip angle ¼ 8; bandwidth ¼ 450 Hz/pixel) were
performed. Axial sodium images were derived from an optimized 3D
GRE-sequence (TR/TE ¼ 17.0/8.34 ms; FOV ¼ 190*190 mm2, 32 slices;
matrix size ¼ 64*128; resolution ¼ 1.48*1.48*3.0 mm3; bandwidth of
80 Hz/pix; 13 averages; 50 degree ﬂip angle). Morphological cartilage
grading was performed and sodium SNR values were calculated. Mean
global sodium-values and SNR were compared between patients andvolunteers and cartilage defect grades using an analysis of variance. In
cadaver samples, the patella was divided into medial and lateral and
from each side, 5 contiguous cartilage samples were analyzed with
a GAG assay (Blyscan B3000 GAGAssay) for GAG content quantiﬁcation.
These values were compared with SNR values.
Results: The mean SNR in sodium images for cartilage was 13.52.5 in
patients and 14.8 3.7 in volunteers (p¼ 0.014). ANOVA-analysis yiel-
ded a marked decrease of the sodium-SNR with increasing grade of
cartilage lesions (0.002). SNR values according to the number of patella
dislocations also showed signiﬁcantly different values (P¼ 0.010). The
mean SNR in sodium images for cadaver samples was 27.4  8.4 on the
medial side of the patella and 30.6  8.2. on the lateral side. The mean
GAG values were 3.9  1.1 %GAG wet weight on the medial side and 3.9
 11 %GAG wet weight on the lateral side. The results between sodium
SNR and the biochemical assay demonstrated a statistical signiﬁcant
correlation (r¼0.563; p<0.001).
Discussion: The results demonstrate the feasibility of 23Na (sodium)MR
imaging for the detection of defects of the patella cartilage in patients
after patella dislocation. The data depict a lower GAG content in patients
after patella dislocation. These results are in good agreement with ﬁnd-
ings by Sillanpää et al. Furthermore sodium imaging in patella cadaver
samples has shown a high correlation with histochemical evaluation of
GAG content. In conclusion, 23Na MR imaging helps to differentiate
between native and degenerated patella cartilage in patients after patella
luxation and has the potential to detect early stages of OA.
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MULTIPLE SUBCHONDRAL CYST FORMATION HAS STRONG
CORRELATION WITH BONE SCLEROSIS: EX VIVO HR-PQCT STUDY
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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S194Purpose: Subchondral cysts are deeply related to the pathogenesis of
osteoarthritis (OA), however the factors contributing to cyst formation
are not well known. We analyzed the prevalence and distribution of
subchondral cysts in relation to subchondral bone microstructure and
cartilage attrition using High Resolution peripheral Quantitative CT
(HR-pQCT).
Methods: Femoral heads extracted from ten patients with hip OA (age:
739, 57-83, all female) were scanned by HR-pQCT at 41 mm voxel size.
The number and volume of subchondral cysts and trabecular micro-
structure in the subchondral bone underlying regions of cartilage loss
were measured using bone structure analysis software, and their
correlations were analyzed.
Results: The percent volume of cyst formation in subchondral bone
regions ranged from 2% to 33% (average 15%), the number from 6 to 87
(26), and the sizes from 1 mm3 to 657 mm3 (37 mm3). There were
strong positive correlations between cyst number and bone volume and
trabecular thickness (r>0.8, p<0.01).
Conclusions: Large variations were observed in the prevalence and
distribution of subchondral cyst, which suggested the existence of
various phenotypes according to patient-speciﬁc biological reactions.
Our results suggest that multiple cyst formation is highly associated
with subchondral bone sclerosis. This diverse bone structural changes
in OA may become one of the important evaluation items in clinical
medicine.
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CORTICAL THICKNESS MAPPING OF THE PROXIMAL FEMUR:
TOWARDS A NEW IMAGING BIOMARKER OF HIP OSTEOARTHRITIS
T.D. Turmezei, G.M. Treece, A.H. Gee, K.E. Poole. Univ. of Cambridge,
Cambridge, United Kingdom
Purpose: Bone goes through three stages in developing osteoarthritis:
early resorption, subsequent sclerosis, and then osteophyte formation.
Peri-articular cortical bone and subchondral bone plate behaviour in
osteoarthritis is ideally suited to analysis with cortical thickness
mapping (CTM), a technique that uses clinical computed tomography
(CT) imaging to plot the distribution of cortical bone thickness in 3D at
a spatial resolution better than that ﬁxed by the CT imaging system. In
this study, CTM was applied to investigate the relationship of proximal
femoral cortical bone thickness with hip osteoarthritis feature scores,
age and weight, with the intention of revealing a potential new imaging
biomarker for hip osteoarthritis.
Methods: We analysed CT imaging data from a cohort of 230 women
aged 6617 years, selecting either the hip with the higher osteoarthritis
CT severity score from each pair or randomly choosing a side when
equal. A bespoke image analysis tool (Stradwin) was used to contour
each hip semi-automatically and create a 3D surface mapped with
individual cortical thickness values. Statistical parametric mapping was
then performed to visualize statistically signiﬁcant effects of osteo-
phytes, subchondral cysts, joint space width (JSW), age, and weight on
cortical thickness.
Results: We showed a signiﬁcant 40% increase in cortical bone thick-
ness per osteophyte score (from 0 to 3) circumferentially around the
articular margin of the femoral head. Subchondral bone plate in thesuperior femoral head was also signiﬁcantly thicker in relation to
worsening osteophyte score (ﬁgure 1).
Figure 1. Results of CTM according to osteophyte feature score. There is signiﬁcant
thickening circumferentially around the entire periarticular margin, with up to 40%
thicker cortical bone registered for each increase in osteophyte feature score (black
arrows). Signiﬁcance is seen not only at the site of articular marginal osteophytes, but
also encroaching the superior surface of the femoral head, suggesting that the
phenomenon is more than that explained by the manifestation of osteophytes alone.
Signiﬁcantly thicker bone was also noted at the fovea (white asterisk-another site of
periarticular osteophyte formation) and in the anteromedial head-neck cortex (black
asterisks-a site preserved with age and increased with weight).
Age was associated with thinning of the cortex, except in the medial
femoral neck and subtrochanteric region, i.e. at sites stressed in the
normal gait cycle. Increasing weight was associated with thicker cortex
in these same load-bearing regions.
Conclusion: CTM identiﬁed thickening of marginal articular cortical
bone and superior subchondral bone plate with worsening radiological
disease. Development of the CTM technique has also enabled estimated
measurement of hip JSW in 3D for the ﬁrst time. These are signiﬁcant
steps towards a new imaging biomarker for large joint osteoarthritis
and fully automated imaging analysis for disease risk estimation.
Regions of interest will now be taken to a prospective setting to test the
hypothesis that thicker cortex and subchondral bone plate are predic-
tive of disease initiation and progression. Results have also demon-
strated the effects of age and weight on cortical bone distribution in the
proximal femur for the ﬁrst time.
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THE RELATIONSHIP BETWEEN KNEE PAIN AND MR RELAXATION IN
MEDIAL TIBIAL ARTICULAR CARTILAGE
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Quantitative Imaging Res., Dept. of Radiology and BioMed. Imaging,
Univ. of California - San Francisco, San Francisco, CA, USA
Purpose: Knee articular cartilage degeneration associated with osteo-
arthritis (OA) has been associated with a multitude of pathological
occurrences, including joint pain. With respect to magnetic resonance
imaging (MRI), T1r and T2 relaxation time mapping are non-invasive
techniques that may provide information regarding early degenerative
changes in the cartilage matrix. This study aims to investigate the
relationship between degenerative biochemical changes in the cartilage
matrix, as measured with T1r and T2 relaxation time constants and
knee painmeasured by TheWestern Ontario andMcMaster Universities
Arthritis Index (WOMAC) questionnaire.
Methods: Patients were stratiﬁed into asymptomatic (no pain, WOMAC
score¼ 0, n¼22, mean age of 41 years ( 13.5), mean BMI of 23.6 kg/m2
( 2.3) and 32% female) and pain (moderate to severe pain;WOMAC8;
n¼28mean age of 59 years ( 11.5), mean BMI of 27.3 kg/m2 ( 5.3) and
70% female) groups. WOMAC questionnaires were administered to each
subject prior to imaging. MR studies in 50 subjects (mean age of 51
